In the extended Standard Model of particle physics, each neutrino mass eigenstate is predicted to have a tiny but non vanishing magnetic moment induced by quantum field theoretic corrections. These QFT-induced magnetic momenta depend linearly on masses of the underlying mass eigenstates with a proportionality constant 3eG F /(8 √ 2π 2 ). As a consequence when neutrinos are embedded in an environment containing magnetic fields the flavour oscillations get a contribution from the induced relative phases.
If Pontecorvo formalism to understand neutrino oscillations is correct, then neutrinos provide concrete evidence for physics beyond the Standard Model (SM). The observations of flavour oscillations then mean that neutrinos produced through electroweak processes must be in linear superposition of at least two non-vanishing masses contrary to the prediction of the SM -the lowest mass eigenstate may be massless, or carry a non-zero mass.
Due to quantum field theoretic corrections (QFT), various extensions of the SM predict that neutrinos should have small but non-zero magnetic moments [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . For the Dirac neutrinos, the magnetic moments corresponding to the individual mass eigenstates are given by
The physics of the neutrino magnetic moment have been extensively studied in the forms of spin precession in magnetic fields and the helicity-flipping scattering amplitudes [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
In this letter, we report a new type of µ-induced flavour oscillation that to the best of our knowledge, has not been considered. The crucial observation lies in the fact that since neutrinos are predicted to have non-zero magnetic moments, the energies, and hence the induced phases, of the mass eigenstates are shifted when travelling through magnetic fields.
Moreover, this shift varies with the mass of the mass eigenstate in the superposition that defines the neutrino flavour. This circumstance adds a new element to amplitudes, and hence probabilities, for neutrino flavour oscillations.
A simple analysis shows that the kinematically induced phase
gets an additive QFT-induced correction
Where η is the angle between the magnetic field (assumed constant and uniform) and the direction of propagation, and ∆m
i is the usual mass-squared difference between the ith and jth mass eigenstates.
Some details of the analysis -The just quoted results require a calculation of the interaction energy of the magnetic moment of a Dirac mass eigenstate with an external magnetic field.
We do this calculation for a uniform and constant magnetic field. The effective coupling of the neutrino to the classical electromagnetic field due to the magnetic moment is
where J µ eff (x) is the current. We take its matrix elements to be of the form [19] 
where 
Since we are interested in neutrinos propagating through a constant magnetic field, the potential is time-independent A µ = A µ (x). We work in the temporal gauge and set A 0 (x) = 0. With these facts noted, we obtain
where
Generally, the neutrinos produced in the weak interactions are relativistic helicity eigenstates. In this case, we haveū
Therefore, by taking p = p ′ , σ = σ ′ and normalising the matrix element, the shift in energy is given by
For completeness, in the non-relativistic limit where p ∼ 0, we havē
where k µ = (m, 0) and B z is the magnetic field along the z-axis. The spin of the state |k, σ is aligned with the z-axis. 
